The hyperelastic orthotropic material model is proposed to describe the nonlinear behavior of concrete under monotonic multiaxial loading with taking into account the tension-compression anisotropy. The orthotropy is introduced for the correct description of concrete cracking. The hyperelasticity provides unconditional thermodynamical consistency and advantages in numerical solving of boundary value problems. Identification of model parameters is based on four experimental deformation diagrams of concrete: axial stress -axial strain and axial stress -transverse strain under uniaxial tension and compression. The results of the hyperelastic orthotropic model are compared with Karpenko's orthotropic model and experimental data for multiaxial loading.
Introduction
Nonlinear structural behavior of concrete is mainly caused by the processes of microcracking under tension and crushing under compression. The modeling of three dimensional nonlinear anisotropic concrete behavior is still unsolved problem. The nonlinear models of concrete are discussed in many various articles and books [1-11 and other] . A main attention is focused on the plasticity models [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . However, in some cases, the use of such complex evolutionary models may be excessive. Under monotonic loading the elastic models may be sufficient that can be a lot easier to take into account the properties of the anisotropy and multiaxiality.
In present study there is shown an attempt of an account of nonlinear, multi-axial, tensioncompression anisotropic concrete characteristics based on using of a locally orthotropic hyperelastic material with axes of orthotropy that are coincident with principal stresses directions. The model due to the potential existence has advantages in numerical solution of boundary value problems [13] [14] [15] [16] . The advantage of the proposed model is also a simplicity of identification of the model parameters.
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are not used in this formulation for simplicity. The potential (2) is able to describe only the linear material behavior taking into account difference in tension/compression.
The possible generalization of (1) is proposed with aim to take into account the nonlinear behavior of concrete:
where a, b, c, d and e are piecewise twice continuously differentiable functions determined from experiments under tension and compression. Expression (2) is a generalization of the formulation [18] , which using only the four-term presentation ȥ (without last three members in (2) allow to more accurately describe the transverse strain-stress behaviour in a row with longitudinal strain-stress dependence.
For the hyperelastic material the stress tensor is defined by the equation:
A substitution of the potential (1) into the equation (3) leads to the relation:
Differentiation of (3) leads to a quasi-linear relationship between the rate of stress and rate of strain where the fourth rank tensor of elastic moduli can be presented as follows: Equation (5) with account of (6) can be expressed in the vector basis 
The inversion of the equation (7) can be rewritten in the principal axes of the stress tensor (assumed that the inequalities
For comparison let consider the orthotropic elastic model N.I. Karpenko [1] , which also takes into account the orthotropy property, but does not possess the property of having the potential:°¿°¾ 
where the positive sign agrees with rising diagram branch and negative sign to descending branch, . The equation (7) for the considering loading case leads to the equations: . The equation (7) for the considering loading case and invariants concretization leads to the equations: 
The compression deformation diagram h -the inclinations of stress and strain diagrams that are found experimentally. After the transformation of (15) we obtain °°°°®
The solution of (16) is Integrating of (17) is complicated in a general case, however in some cases it could be possible. For instance, piecewise linear approximation of concrete deformation diagrams is obtained by using the piecewise quadratic functions:
and linear functions
are defined by (17) within each interval.
Differing from piecewise linear approximation of concrete deformation diagrams (polynomial, exponential and power-type functions) can be also used [18] , but integration of (17) is not easy in these cases and therefore variant with (18)- (19) is preferable.
Results and Discussion
The various monotonic three-axial loadings are considered. In the first example the stresses components are defined as (9) for the orthotropic elastic model of N.I. Karpenko. In computations the material parameters corresponding to the concrete are used: b R 41.8 MPa, bt R 2.6 03D İ R =0.000215, E 0 =30400 MPa. Stress-strain diagrams for the concrete have been taken from [1] and [21] . The results of comparison of the hyperelastic orthotropic model with Karpenko's orthotropic model and experimental data [24] are shown in Fig. 1 . Both models show a good prediction accuracy compared with experiment. 
Conclusions
The seven-term formulation of hyperelastic orthotropic material model is proposed to describe the nonlinear behavior of concrete under monotonic multiaxial loading with taking into account the tension-compression anisotropy. The method of material parameters identification is suggested based on four experimental deformation diagrams: axial stress -axial strain and axial stress -transverse strain under uniaxial tension and compression. The responses of the hyperelastic orthotropic model are compared with Karpenko's orthotropic model and experimental data for three-axial loading.
In the next steps of investigations there are the comparison with plastic models of concrete and finite-element implementation [22] of the proposed model and solutions of nonlinear boundary value problems [13] [14] [15] [16] 23] .
